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Summary. 
(57) [Abstract] 

[Technical problem] The configuration measuring method which can measure a detailed 
pattern correctly, and its equipment are offered. 

[Means for Solution] The laser beam outputted from the laser output section 1 1 is condensed 
by focal 14a of the objective lens 14 set up on the substrate 100. The condensed laser beam is 
reflected near focal 14a. The luminous intensity distribution which are the luminous-intensity 
distributions to each direction in the space by this reflection are dependent on the configuration 
of a pattern. The luminous-intensity-distribution detecting element 15 detects these luminous 
intensity distribution. In case CPU21 moves so that focal 14a may cross the pattern formed in 
the substrate 100, it collects the detection luminous-intensity-distribution data constellations 
detected serially. It asks for the theoretical luminous-intensity-distribution data constellation 
most approximated to the collected detection luminous-intensity-distribution data constellation 
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CLAIMS 
[Claim(s)] 

[Claim 1] The configuration measuring method which measures the configuration of the pattern 
formed on the substrate characterized by providing the following. Process which condenses 
the predetermined measuring beam outputted from the light source on the aforementioned 
substrate. Process in which the luminous intensity distribution which are the luminous-intensity 
distributions to each direction in space produced when the measuring beam by which 
condensing was carried out [ aforementioned ] reflects on the aforementioned substrate are 
detected. Process to which the measuring beam and the aforementioned substrate by which 
condensing was carried out [ aforementioned ] are relatively moved so that the aforementioned 
measuring beam may cross the aforementioned pattern. Process in which the detection 
luminous-intensity-distribution data constellation which is a set of the aforementioned luminous 
intensity distribution serially detected with the aforementioned movement is memorized, 
Process in which it asks for the criteria luminous-intensity-distribution data constellation which 
is a set of the aforementioned luminous intensity distribution called for from the pattern of a 
known configuration about each of the pattern of two or more known configurations, Process in 
which the configuration of process in which it asks for the criteria luminous-intensity-distribution 
data constellation approximated to the aforementioned detection luminous-intensity-distribution 
data constellation out of two or more aforementioned criteria luminous-intensity-distribution 
data constellations, and the pattern formed on the aforementioned substrate based on the 
known configuration of the pattern corresponding to the criteria luminous-intensity-distribution 
data constellation approximated to the aforementioned detection luminous-intensity-distribution 
data constellation is decided. 

[Claim 2] The configuration measuring device characterized by providing the following. The 
light source which is the configuration measuring device which measures the configuration of 
the pattern formed on the substrate, and outputs a predetermined measuring beam. A 
condensing means to condense the measuring beam outputted from the aforementioned light 
source on the aforementioned substrate. A luminous-intensity-distribution detection means 
produced when the measuring beam condensed by the aforementioned condensing means 
reflects on the aforementioned substrate to detect the luminous intensity distribution which are 
the luminous-intensity distributions to each direction in space. The move means to which the 
measuring beam and the aforementioned substrate which were condensed by the 
aforementioned condensing means are relatively moved so that the aforementioned measuring 
beam may cross the aforementioned pattern, A storage means to memorize the detection 
luminous-intensity-distribution data constellation which is a set of the aforementioned luminous 
intensity distribution serially detected with the aforementioned luminous-intensity-distribution 
detection means with movement by the aforementioned move means, A criteria luminous- 
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[The technical field to which invention belongs] this invention relates to the configuration 
measuring method which measures the configuration of the pattern formed on substrates, such 
as a semiconductor wafer and a glass substrate for liquid crystal displays, and its equipment, 
and relates to the technology which can measure the configuration of a detailed pattern 
especially. 
[0002] 

[Description of the Prior Art] Conventionally, there are for example, a KONFOKARU 
microscope, a laser beam microscope, a surface roughness meter, an optical level difference 
meter, etc. as a configuration measuring device which measures the configuration of the 
pattern formed on substrates, such as a semiconductor wafer and a glass substrate for liquid 
crystal displays. This conventional example explains the laser beam microscope shown in 
drawing 10 . This laser beam microscope is equipped with the microscope unit 60 by which 
optical system is contained, the operation part 61 which performs data processing according to 
the output from the microscope unit 60, and the mechanical component 62 which drives the 
microscope unit 60 vertically and horizontally according to the result of an operation of 
operation part 61, and is constituted. 

[0003] It is reflected by the one-way mirror 64, and incidence of the laser beam outputted from 
the laser output section 63 is carried out to the 1st objective lens 65. The 1st objective lens 65 
condenses the laser beam which carried out incidence to focal 65a of the 1st objective lens 65. 
The tube lens 66 condenses the laser beam reflected on the substrate 69 through the 1st 
objective lens 65. Slit 67a of the slit board 67 is arranged in the position of focal 66a of the 
tube lens 66, and the laser beam which passed this slit 67a is received by the photo detector 
68. A photo detector 68 carries out the output according to the light income of the laser beam 
which received light. 

[0004] When measuring the configuration of the pattern currently formed on the substrate 69, 
focal 65a of the 1st objective lens 65 is made to scan on a substrate 69. If the pattern front 
face on a substrate 69 and focal 65a shift at this time, the light income of the laser beam which 
a laser beam is no longer condensed in the position of slit 67a of the slit board 67, and is 
received by the photo detector 68 will fall. Then, operation part 61 moves the microscope unit 
60 in the perpendicular direction (the direction of z) by the mechanical component 62, and it is 
controlled so that the light income of the laser beam received by the photo detector 68 
becomes the maximum. By calculating the movement magnitude of the perpendicular direction 
of the microscope unit 60 at this time, the height of the pattern formed on the substrate 69 can 
be found. Moreover, it can ask also for the width of face of a pattern by moving the microscope 
unit 60 horizontally (the direction of X, or the direction of Y). Therefore, the configuration of the 
pattern formed on the substrate 69 can be measured by moving the microscope unit 60 on a 
substrate 69. 
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when the measuring beam by which condensing was carried out [ aforementioned ] reflects on 
the aforementioned substrate are detected, The process to which the measuring beam and the 
aforementioned substrate by which condensing was carried out [ aforementioned ] are 
relatively moved so that the aforementioned measuring beam may cross the aforementioned 
pattern, Process in which the detection luminous-intensity-distribution data constellation which 
is a set of the aforementioned luminous intensity distribution serially detected with the 
aforementioned movement is memorized, Process in which it asks for the criteria luminous- 
intensity-distribution data constellation which is a set of the aforementioned luminous intensity 
distribution called for from the pattern of a known configuration about each of the pattern of two 
or more known configurations, Process in which it asks for the criteria luminous-intensity- 
distribution data constellation approximated to the aforementioned detection luminous- 
intensity-distribution data constellation out of two or more aforementioned criteria luminous- 
intensity-distribution data constellations, It is characterized by having process in which the 
configuration of the pattern formed on the aforementioned substrate is decided, based on the 
known configuration of the pattern corresponding to the criteria luminous-intensity-distribution 
data constellation approximated to the aforementioned detection luminous-intensity-distribution 
data constellation. 

[0010] The light source which invention according to claim 2 is a configuration measuring 
device which measures the configuration of the pattern formed on the substrate, and outputs a 
predetermined measuring beam, A condensing means to condense the measuring beam 
outputted from the aforementioned light source on the aforementioned substrate, A luminous- 
intensity-distribution detection means produced when the measuring beam condensed by the 
aforementioned condensing means reflects on the aforementioned substrate to detect the 
luminous intensity distribution which are the luminous-intensity distributions to each direction in 
space, The move means to which the measuring beam and the aforementioned substrate 
which were condensed by the aforementioned condensing means are relatively moved so that 
the aforementioned measuring beam may cross the aforementioned pattern, A storage means 
to memorize the detection luminous-intensity-distribution data constellation which is a set of 
the aforementioned luminous intensity distribution serially detected with the aforementioned 
luminous-intensity-distribution detection means with movement by the aforementioned move 
means, A criteria luminous-intensity-distribution acquisition means to ask for the criteria 
luminous-intensity-distribution data constellation which is a set of the aforementioned luminous 
intensity distribution called for from the pattern of a known configuration about each of the 
pattern of two or more known configurations, An approximation data operation means to ask 
for the criteria luminous-intensity-distribution data approximated to the detection luminous- 
intensity-distribution data constellation memorized by the aforementioned storage means out 
of two or more criteria luminous-intensity-distribution data constellations called for with the 
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detected with a luminous-intensity-distribution detection means is memorized for a storage 
means. A criteria luminous-intensity-distribution acquisition means asks for the criteria 
luminous-intensity-distribution data constellation which is a set of the luminous intensity 
distribution called for about the pattern of a known configuration about the pattern of two or 
more known configurations, respectively. An approximation data operation means asks for the 
criteria luminous-intensity-distribution data constellation approximated to a detection luminous- 
intensity-distribution data constellation out of two or more criteria luminous-intensity-distribution 
data constellations called for with the criteria luminous-intensity-distribution acquisition means. 
A definite means decides the configuration of the pattern formed on the substrate based on the 
configuration of the pattern corresponding to this criteria luminous-intensity-distribution data. 
[0015] According to invention according to claim 3, the polarization means which it has in the 
middle of the optical path from the light source to a luminous-intensity-distribution detection 
means polarizes the measuring beam sent from the light source. A luminous-intensity- 
distribution detection means detects the luminous intensity distribution based on the measuring 
beam which polarized. 

[0016] According to invention according to claim 4, a luminous-intensity-distribution detection 
means detects S polarization luminous intensity distribution based on the measuring beam of 
which S polarization was done while detecting P polarization luminous intensity distribution 
based on the measuring beam whose P polarization was done by the polarization means. 
[0017] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained with 
reference to a drawing. 

The configuration measuring device concerning the 1st example of the <1st example> this 
invention is shown in drawing 1 . This configuration measuring device equips the detailed 
pattern formed on the substrates 100, such as a semiconductor wafer and a glass-substrate 
metallurgy group substrate, with the optical-system unit 1 which irradiates a predetermined 
measuring beam, and the control-system unit 2 which controls the optical-system unit 1, and is 
constituted. 

[0018] The optical-system unit 1 is equipped with the laser output section 11 which outputs the 
laser beam which is a predetermined measuring beam. This laser output section 1 1 is 
equivalent to the light source in this invention. 1st polarizing plate 12a which countered this 
laser output section 1 1 and was arranged considers the laser beam (a chain-line arrow shows 
among drawing 1 ) outputted from the laser output section 1 1 for example, as P polarization. 
[0019] A one-way mirror 13 turns caudad a part of laser beam of which passed 1st polarizing 
plate 12a and P polarization was done, and reflects. Incidence of the laser beam reflected by 
the one-way mirror 13 is carried out to an objective lens 14. This objective lens 14 is equivalent 
to the condensing means in this invention. The objective lens 14 is arranged so that the focal 
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the detailed pattern is measured is explained. 
[0024] Step S1 (an initial screen is displayed) 

If a configuration measuring device is started, CPU21 will make the optical-system unit 1 an 
initial state while displaying the initial screen 40 as shown in drawing 4 (a) on a monitor 24. 
The calibration instruction 41 which is a predetermined instruction for making CPU21 perform 
processing [ which an operator wishes ], the configuration setting instruction 42, and the 
measurement start instruction 43 are displayed on the initial screen 40: Furthermore, the 
mouse cursor 5 for directing each instructions 41-43 doubles, and is displayed on the initial 
screen 40. A mouse cursor 5 is clicking the button with which a mouse's 23 is equipped and 
which is not illustrated, and directs the predetermined instruction of the portion which the 
mouse cursor 5 piled up while it is interlocked with the movement of a mouse 23 and moves in 
a screen top. 

[0025] Step S2 (initial setting) 

An operator lays the substrate for calibrations on the installation base which a configuration 
measuring device does not illustrate. Furthermore, an operator moves a mouse cursor 5, 
observing an initial screen 40, and directs the calibration instruction 41. If the calibration 
instruction 41 is directed, CPU21 will output a laser beam from the laser output section 11, and 
will detect the luminous intensity distribution of the laser beam obtained by reflecting by the 
substrate for calibrations. These detected luminous intensity distributions are collected as 
detection luminous-intensity-distribution data for proofreading, and it proofreads based on this 
detection luminous-intensity-distribution data for proofreading. 

[0026] An operator directs the model setting instruction 42 of an initial screen 40, in order to 
choose the model equivalent to the configuration of the pattern formed in a substrate 100 (refer 
to drawing 4 (a)). ** [ directions of the model setting instruction 42 / display / the model setting 
screen 45 shown in drawing 4 (b) / CPU21 / on a monitor 24 ] 

[0027] A model 1 - n are displayed on the model setting screen 45. It is equivalent to the cross- 
section configuration of the detailed pattern presumed that a model 1 - n were formed in the 
substrate 100 at the photolithography process etc. On the model setting screen 45 of drawing 
4 (b), although only models 1-4 are displayed, by moving a scroll bar 46 up and down by the 
mouse cursor 5, the display in the model setting screen 45 can be made to be able to scroll in 
the vertical direction, and the model of either the model 1 or - n can be displayed on the model 
setting screen 45. 

[0028] For example, it is shown that the model 1 displayed on the model setting screen 45 is a 
cross-section configuration in which the pattern formed on the substrate 100 has the level 
difference of an angle t and height h. Moreover, it is shown that models 3 are width of face w, 
depth h, and the cross-section configuration of the quirk of an angle t. Furthermore, it is shown 
that models 4 are width of face w, height h, and the cross-section configuration of the convex 
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intensity distribution curve is a curve which showed the luminous-intensity distribution to each 
direction in space as a function of a direction focusing on focal 14a of the laser beam reflected 
by focal 14a, and is expressed with the polar coordinate which makes focal 14a a zero. 
Hereafter, the detection luminous-intensity-distribution data collected by memory 22 are 
explained as a luminous intensity distribution curve expressed with the polar coordinate. In 
addition, a luminous intensity distribution curve can also express the luminous-intensity 
distribution caught by the whole others and luminous-intensity-distribution detecting element 
15 although expressed with the polar coordinate mentioned above with the system of 
coordinates which make a horizontal axis correspond to the luminous intensity detected by 
each of that photo detector in a vertical axis in the position of each photo detector. 
[0034] For example, the luminous intensity distribution curve 60 based on the detection 
luminous-intensity-distribution data in a measuring point X1 shown in drawing 6 is carrying out 
the semicircle mostly. This shows that it is the mere flat surface which does not have a 
concavo-convex pattern on the substrate 100 with focal 14a. Moreover, a measuring point X3 
is a position where focal 14a approaches a pattern. According to the configuration of the 
pattern formed on the substrate 100, and the position of focal 14a, the luminous intensity 
distribution curve 61 is deforming the luminous intensity distribution curve 61 (refer to drawing 
6 ) reflected and produced near [ in this measuring point X3 ] focal 14a. Moreover, in the 
luminous intensity distribution curve in measuring-point X3-Xn-1, according to the configuration 
of a pattern, and a position with focal 14a, the form of the luminous intensity distribution curve 
is changing similarly. Furthermore, in the measuring point Xn, since focal 14a is moving onto a 
mere flat surface, the luminous intensity distribution curve 62 is carrying out the semicircle 
mostly like the measuring point X1 . 
[0035] Step S4 (a pattern configuration is decided) 

It explains referring to Steps T1-T3 which show the processing performed by step S4 to 
drawing 3 . 

[0036] Step T1 (a theoretical luminous-intensity-distribution data constellation is generated) 
CPU21 gives each of the element (width of face w, depth h, an angle t) for specifying the 
model 3 directed at Step S2 a predetermined value. For example, = (0.01 to 0.50, 0.01 to 0.50, 
90-180) (width of face w, depth h, an angle t) is given, respectively. The model 3 of two or 
more kinds of quirks is decided by this. That is, the model 3 of two or more kinds of quirks with 
which width of face w and depth h differ from an angle t, respectively is decided by changing 
the width of face w of a model 3 to 0.01-0.50 micrometers in 0.01 -micrometer pitch, changing 
depth h to 0.01-0.50 micrometers in 0.01 -micrometer pitch, and changing an angle t to 90-180 
degrees in 1-degree pitch. Step T1 is equivalent to the function of the criteria luminous- 
intensity-distribution acquisition means in this invention. 

[0037] Specifically, CPU21 first determines the model 3 of the cross-section configuration 
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intensity-distribution data in the virtual measuring points Y2-Yn. The amount of errors is 
computed by asking for total of each error computed here. This amount of errors is computed 
also about each theoretical luminous-intensity-distribution data constellations Rs1-Rsn. 
[0042] CPU21 computes the amount of errors of each theoretical luminous-intensity- 
distribution data constellations Rs1-Rsn, and the theoretical luminous-intensity-distribution 
data constellation Rsi from which the amount of errors becomes the minimum value is 
specified (refer to drawing 7 ). In addition, detection luminous-intensity-distribution data 
constellation Rr When the measuring point X1 has shifted to the virtual measuring point Y1 of 
a theoretical luminous-intensity-distribution data constellation, the amount of errors may be 
unable to be calculated correctly. In this case, detection luminous-intensity-distribution data 
constellation Rr The measuring points X1-Xn of each detection luminous-intensity-distribution 
data are shifted suitably, and it is this shifted detection luminous-intensity-distribution data 
constellation Rr. The amount of errors is calculated among the theoretical luminous-intensity- 
distribution data Rs1-Rsn, and it asks for the theoretical luminous-intensity-distribution data 
constellation Rsi from which the amount of errors serves as the minimum. 
[0043] Step T3 (the element of a cross-section configuration is decided) 
CPU21 grasps element (width-of-face w, height h, angle t) = (wi, hi, ti) of the model 3 of the 
cross-section configuration based on the theoretical luminous-intensity-distribution data 
constellation Rsi. Furthermore, CPU21 is the theoretical luminous-intensity-distribution data 
constellation Rsi and the detection luminous-intensity-distribution data constellation Rr. It 
responds to the amount of errors, ((t) Width of face w, height h, an angle) the element (width of 
face w --) of the model 3 of the cross-section configuration based on theoretical luminous- 
intensity-distribution data constellation Rsi+1 for = (wi, hi, ti) It interpolates with each value of 
height h, angle t= (wi+1, hi+1, ti+1), or element (width-of-face w, height h, angle t) = (wi-1, hi-1, 
ti-1) of the model 3 of the cross-section configuration based on theoretical luminous-intensity- 
distribution data constellation Rsi-1. Finally this interpolated element (width-of-face w, height h, 
angle t) = (wl, hi, tl) is decided as an element of a model 3. Step T3 is equivalent to the 
function of the definite means in this invention. 
[0044] Step S5 (a definite configuration is displayed) 

CPU21 displays the measurement result screen 80 shown in drawing 8 on a monitor 24. The 
cross-section configuration specified by element (width-of-face w, height h, angle t) = (wl, hi, tl) 
of a model 3 and the values wl, hi, and tl of each element are displayed on this measurement 
result initial screen 80, respectively. An operator is observing the measurement result screen 
80, and grasps the cross-section configuration of the detailed pattern formed in the substrate 
100. 

[0045] Step S6 (end ?) 

Furthermore, in measuring the cross-section configuration of other patterns, it carries out by 
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which S polarization was done. 

[0050] CPU21 collects S polarization luminous intensity distributions serially detected by 2nd 
luminous-intensity-distribution detecting-element 15b as S polarization detection luminous- 
intensity-distribution data while collecting P polarization luminous intensity distributions serially 
detected by 1st luminous-intensity-distribution detecting-element 15a as P polarization 
detection luminous-intensity-distribution data with movement of focal 14a. Collected P 
polarization detection luminous-intensity-distribution data constellation and S polarization 
detection luminous-intensity-distribution data constellation are memorized in memory 22. 
[0051] For example, 2 data of P polarization detection luminous-intensity-distribution data in 
each measuring point of measuring points X1-Xn and S polarization detection luminous- 
intensity-distribution data memorize memory 22 as detection luminous-intensity-distribution 
data in each measuring point of measuring points X1-Xn. 

[0052] CPU21 asks for the theoretical luminous-intensity-distribution data with which two data 
of the theoretical P polarization detection luminous-intensity-distribution data which asked for 
the luminous intensity distribution of the laser beam of which P polarization was done 
theoretically, and the theoretical S polarization detection luminous-intensity-distribution data 
which asked for the luminous intensity distribution of the laser beam of which S polarization 
was done theoretically are contained, when asking for theoretical luminous-intensity- 
distribution data at Step T1 in the 1st example. Hereafter, the configuration of the pattern 
formed in the substrate 100 is searched for as the detection luminous-intensity-distribution 
data and theoretical luminous-intensity-distribution data of the 1st example. 
[0053] In the configuration measuring device concerning the 2nd example mentioned above, 
since P polarization detection luminous-intensity-distribution data based on the luminous 
intensity distribution of which P polarization was done, and S polarization detection luminous- 
intensity-distribution data based on the luminous intensity distribution of which S polarization 
was done are used as detection luminous-intensity-distribution data, in case the amount of 
errors of the detection luminous-intensity-distribution data constellation based on these all data 
and a theoretical luminous-intensity-distribution data constellation is calculated, the elements 
of the error to compute can increase in number and the more suitable amount of errors can be 
calculated. 

[0054] In addition, the configuration of the luminous intensity distribution curve changes with 
the quality of the material of the substrate 100 whose detection luminous-intensity-distribution 
data and theoretical luminous-intensity-distribution data ( drawing 6 , seven references) which 
were detected in each example mentioned above are the measuring object, the state of a 
measuring beam, the atmosphere of the circumference of a substrate, etc. Therefore, this 
example is a mere example and this invention is not limited to this. 
[0055] This invention can carry out deformation implementation as follows. 
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[Effect of the Invention] Since the configuration of the pattern formed on the substrate is 
measured based on the luminous intensity distribution which are the luminous-intensity 
distributions to each direction in the space for which the measuring beam condensed on the 
substrate reflects and it depends on the configuration of a pattern according to invention 
according to claim 1 so that clearly from the above explanation, the configuration of a pattern 
can measure the configuration of the pattern correctly, when not large enough compared with 
the wavelength of a measuring beam. 

[0065] Since according to invention according to claim 2 composition of equipment can be 
simplified compared with the former while being able to carry out method invention according 
to claim 1 suitably, equipment can be manufactured cheaply. 

[0066] Since the luminous intensity distribution based on the measuring beam which polarized 
by the polarization means are detected with the luminous-intensity-distribution detection 
means according to invention according to claim 3, the configuration of the pattern formed on 
the substrate can be measured more to accuracy. 

[0067] Since both P polarization luminous intensity distribution based on the measuring beam 
of which P polarization was done, and S polarization luminous intensity distribution based on 
the measuring beam of which S polarization was done are detected according to invention 
according to claim 4, the configuration of the pattern formed on the substrate can be measured 
more to accuracy. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration measuring device concerning the 
1st example. 

[Drawing 2] It is the flow chart which shows the flow of the processing performed by the 
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1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 




[Drawing 2] 
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[Drawing 61 
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[Drawing 101 
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